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differentiation of microenvironmental cells such as mesenchy-
mal stem cells. This ultimately leads to increased risk of leuke-
mia (130). BPA induces the differentiation of mesenchymal stem 
cells into the adipogenic lineage (131). This is of particular inter-
est, as previously discussed; BPA likely accumulates in adipose 
tissue through time, thus contributing to conditions that favor 
cancer emergence and progression. Indeed, hormonal disrup-
tors (BPA/bisphenol S) alter the secretion of BMPs that leads to 
the initiation of the transformation process by affecting mam-
mary stem cells in the presence of IL-6 (127).

Some chemicals may disturb major functions involved in tis-
sue homeostasis, leading to cancer initiation, immune evasion,
angiogenesis and tumor dissemination. This results from the 
environment perturbation through induction of soluble factors 
(TGF, BMPs and IL-6) and modifcation of tissue integrity (stro-
mal cell content, matrix remodeling) (Figure 2).

Metabolic perturbators and the tumor 
microenvironment
Metabolic disorders are associated with an altered risk for 
developing malignancies. In particular, subjects with type 2 dia-
betes mellitus are at increased risk of a wide range of malignan-
cies, including breast, endometrial, bladder, kidney, colorectal,
pancreatic and liver cancer, as well as hematologic malignan-

premalignant lesions since they frequently express high levels 
of insulin receptor. Insulin may also act as a mitogen by acti-
vating the IGF-1 receptor (135). Excessive insulin decreases the 
IGF-1 binding protein production by the liver, which increases 
the availability of free IGF-1, and thus stimulates its mitogenic 
and antiapoptotic activity (136).Thus, treatment of diabetic sub-
jects with exogenously added insulin and related compounds 
harbors potential risk of promoting cancer. Consequently, the 
use of insulin may contribute to effects of other disrupting 
chemicals in the tumor microenvironment, and there may be 
synergy between insulin and these chemical mixtures.

A vast array of antidiabetic drugs have been developed, includ-
ing biguanides, sulfonylureas, meglitinides, α-glucosidase inhibi-
tors, insulin and its analogs, thiazolidinediones, gliptins, analogs 
of amylin and analogs of glucagon-like peptides. Biguanides are 
insulin sensitizers that were frst discovered in 1920s, when guani-
dine compounds were isolated from Galega offcinalis  (Fabaceae).
Metformin (N,N-dimethylbiguanide) is currently the most widely 
prescribed drug to treat hyperglycemia in type 2 diabetics and is 
recommended as a frst-line oral therapy by the American Diabetes 
Association and European Association of the Study of Diabetes 
(137). Current evidence suggests its role as an insulin sensitizer 
(since it facilitates insulin receptor expression and activity), modu-
lator of the incretin axis (via peroxisome proliferator-activated 
receptor-α or glucagon-like peptide 1) and inhibitor of hepatic 
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cies such as non-Hodgkin’s lymphoma (132), whereas the risk 
of prostate cancer is reduced (133). The mechanisms underly-
ing connection of these two largely heterogeneous and chronic 
disease states are incompletely understood. Hyperinsulinemia 
and enhanced insulin-like growth factor-1 (IGF-1) activation 
are among the most likely causal links (134). Insulin resistance 
and subsequent hyperinsulinemia in type 2 diabetic subjects 
may promote proliferation and survival of cancer cells and 

gluconeogenesis (138), thus potentially implicating metformin in 
xenobiotic metabolism.A case–control study with a cohort of 12000 
type 2 diabetes subjects (139) revealed that metformin therapy is 
associated with a reduced risk of cancer (odds ratio 0.79), whereas 
the prolonged metformin therapy further increased the inhibitory 
effects on cancer incidence. Similar effects were observed with a 
wide range of cancer types, while only a few studies suggested that 
metformin does not affect cancer incidence (Table 1). 

Figure 2. Environmental pollutant target resident cells and their local environment thus affecting key parameters of tissue homeostasis. Environmental pollutants tar-
get tissue resident cells, thus changing their intrinsic properties, and also affect their environment, in particular changing soluble factors available. All these events can 
lead to modifcations of tissue homeostasis and emergence of cancer. During our lifetime, we can be exposed to different types of carcinogens at different times and the 
consequences of combinatorial exposure remain poorly deciphered. Environmental pollutant seems to induce both short- and long-term effects, which together with 
our own history (aging, genetic predisposition and/or cancer history) creates a context that may promote the development of cancer, long after the initial parameters. 
All these complex and person-dependent parameters raise challenging issues for public health to overcome cancer induced by carcinogens. 

http:http://carcin.oxfordjournals.org
http:http://carcin.oxfordjournals.org
mailto:bissonw@science.oregonstate.edu
mailto:dfelsher@stanford.edu
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a b s t r a c t

Cancer arises in the context of an in vivo tumor microenvironment. This microenvironment is both a
cause and consequence of tumorigenesis. Tumor and host cells co-evolve dynamically through indirect
and direct cellular interactions, eliciting multiscale effects on many biological programs, including cellu-
lar proliferation, growth, and metabolism, as well as angiogenesis and hypoxia and innate and adaptive
immunity. Here we highlight specific biological processes that could be exploited as targets for the pre-
vention and therapy of cancer. Specifically, we describe how inhibition of targets such as cholesterol
synthesis and metabolites, reactive oxygen species and hypoxia, macrophage activation and conversion,
indoleamine 2,3-dioxygenase regulation of dendritic cells, vascular endothelial growth factor regula-
tion of angiogenesis, fibrosis inhibition, endoglin, and Janus kinase signaling emerge as examples of
important potential nexuses in the regulation of tumorigenesis and the tumor microenvironment that can

∗ Corresponding author at: Division of Oncology, Departments of Medicine and Pathology, Stanford University, Stanford, CA 94305, United States. Tel.: +1 6507256353.
E-mail address: dfelsher@stanford.edu (D.W. Felsher).

http://dx.doi.org/10.1016/j.semcancer.2015.02.007
1044-579X/© 2015 Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).



  

   
 

   
 

Outline of Presentation 

• Cancer Hallmarks: Original and Emerging 
• Cancer Hallmarks and Carcinogenesis 
• Cancer Hallmarks: Cancer Prevention and Treatment 
• Cancer Hallmarks: Their Measurement 



  

   

Oncogene Addiction 

Bernard Weinstein, MD 

Jain and Felsher, Science, 2002 



 esis
 Metabolism 

Protein Synth 

Differentiation 
Self-Renewal 

Immune 
System? 



  

 

 

  

     

Mol

MYC INDUCED TUMORS ARE ONCOGENE ADDICTED 

ecular Cell 1999 

Science 2002 

Nature 2004 

PNAS 2015 

Sci Trans Med 2014 



   

  
  
        

       
   

    
        
    

  

     
 

  
     

  

Mechanisms of Oncogene Addiction 

• Tumor Cell Intrinsic 
Proliferation and Apoptosis 
[Molecular Cell, 1999; Science, 2002; Nature Medicine, 2009;
Sci Trans Med 2011;PNAS, 2012, PNAS; 2014 Oncotarget, 2016] 
Differentiation [Nature, 2004; PLoS Biology 2004] 
Self-Renewal/Senescence [PNAS 2006; Cancer Cell, 2014] 
Metabolism and Ribosomal Biogenesis [PloS Gen 2008; Nat Rev Can 2010; 
PNAS 2014; PNAS 2015, PNAS 2017] 
Epigenetic Programs [Cancer Cell, 2014] 

• Tumor Microenvironment and Host Immune System 
Angiogenesis [PNAS, 2007] 
Autocrine/TGF-beta [Genes and Development, 2010] 
Immune/CD4+ T-cells [Cancer Cell 2010] [SITC 2015] 
Immune Checkpoints [Science 2016] 



MYC$an

 

    

d$the$“Hallmarks$of$Cancer”$ 

javascript:void(0) 

MYC 

Meital. Li and Felsher, CSHL Press, 2014 

javascript:void(0


      

Rakhra et al, Cancer Cell, 2010     

Immune System Essential to Elicit Oncogene Addiction 

Rakhra et al, Cancer Cell, 2010 



  

   
 

   
 

Outline of Presentation 

• Cancer Hallmarks: Original and Emerging 
• Cancer Hallmarks and Carcinogenesis 
• Cancer Hallmarks: Cancer Prevention and Treatment 
• Cancer Hallmarks: Their Measurement 



!

Molecular Imaging of Oncogene Addiction

Second!har

Fluorescent!

GFP9,!RFP9

MYC!ON! 

MYC!OFF! 

monic!genera1on 

dye! 

mice! 

Fluorescent!reporters! 

Real-time In Vivo Imaging: IVM! 



Results – IHC (primary T-ALL)

     

MYC oncogene promotes NK exclusion 
MYCON MYCOF 

F 

NKp46+ NK cells NKp46+ NK cells 

Normal immune 
system 

Immune 
Exclusion 

MYCON 

Partial Immune 
Restoration 

Normal MYCOFF 

  Swaminathan, Heftdal, Liefwalker and Felsher, in revision 



  

    A Tractable Approach: Nanoscale Proteomic Analysis: 
Interrogating action of therapeutics in clinical specimens in real-time 

Nature Medicine 2009 



  

   

  

MYC and Lipogenesis 

Felsher, Dang and Zare Labs 

Gouw and Margulisl in revision 



MYC$and$the$“Hallmarks$of$Cancer”$

!

 

Second!har

Fluorescent!

GFP9,!RFP9

Cancer Hallmarks:  Mechanisms, Diagnostics, and Therapeutics 

MYC 
javascript:void(0) 

MYC!ON! 

MYC!OFF! 

monic!genera1on 

dye! 

mice! 

Fluorescent!reporters! 

Real-time In Vivo Imaging: IVM! 




	Cancer Hallmarks: An Approach to Understanding the Biology of Tumorigenesis
	Original Cancer Hallmarks 
	Emerging Cancer Hallmarks 
	Cancer Hallmarks 
	Cancer Hallmarks andCarcinogenesis
	Oncogene Addiction 
	Mechanisms of Oncogene Addiction 
	Immune System Essential to Elicit Oncogene Addiction 
	MYC and Lipogenesis 
	Cancer Hallmarks:  Mechanisms, Diagnostics, and Therapeutics 





Accessibility Report





		Filename: 

		02_Felsher NIEHS Converging on Cancer Workshop FL 2019.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 0



		Passed manually: 2



		Failed manually: 0



		Skipped: 1



		Passed: 29



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Passed manually		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Passed manually		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



